Rationale Dronabinol (Δ 9 tetrahydrocannabinol) is approved for HIV-related anorexia, yet, little is known about its effects in HIV-positive marijuana smokers. HIV-negative marijuana smokers require higher than recommended dronabinol doses to experience expected effects. Objectives Employing a within-subjects, double-blind, placebo-controlled design, we assessed the effects of repeated high-dose dronabinol in HIV-positive marijuana smokers taking antiretroviral medication. Methods Participants (N=7), who smoked marijuana 4.2± 2.3 days/week, resided in a residential laboratory for two 16-day stays, receiving dronabinol (10 mg QID) in one stay and placebo in the other. Efficacy was assessed with objectively verified food intake and body weight. Tolerability was measured with sleep, subjective, and cognitive assessments. For analyses, each inpatient stay was divided into two phases, days 1-8 and 9-16; we compared dronabinol's effects with placebo in each 8-day phase to investigate tolerance. Results Despite sustained increases in self-reported food cravings, dronabinol only increased caloric intake in the initial 8 days of dosing. Similarly, sleep quality was improved only in the first 8 days of dosing. Dronabinol's mood-enhancing effects were sustained across the 16-day inpatient stay. Dronabinol was well tolerated, causing few negative subjective or cognitive effects. Conclusions In HIV-positive marijuana smokers, high dronabinol doses safely and effectively increased caloric intake. However, repeated high-dose dronabinol appeared to result in selective tolerance to these effects. These findings indicate that HIV-positive individuals who smoke marijuana may require higher dronabinol doses than are recommended by the FDA. Future research to establish optimal dosing regimens, and reduce the development of tolerance, is required.
Introduction
Although antiretroviral treatments have reduced the prevalence of anorexia and weight loss in individuals with HIV/AIDS (Abrams 2000) , many patients continue to struggle to maintain weight (Wanke et al. 2000) . The orally administered cannabinoid agonist, dronabinol (Marinol®), is FDAapproved for HIV/AIDS-related anorexia. Dronabinol consists of synthetic Δ 9 tetrahydrocannabinol (THC), marijuana's main psychoactive constituent. Dronabinol and smoked cannabis are both used medically to increase appetite; they may also reduce gastrointestinal side effects of antiretroviral treatments (Chubineh and McGowan 2008) .
There has been substantial debate about medicinal cannabinoid use (Abrams 1998; Grinspoon and Bakalar 1997; Hall and Degenhardt 2003; Martin 2002) , including the benefits of dronabinol versus smoked marijuana. It has been argued that smoked marijuana is more effective because its quick onset and short effect duration allow for better titration of therapeutic effects (Abrams 2000; Abrams et al. 2003) . Further, patients experiencing nausea may find smoked THC preferable to oral medications such as dronabinol (Institute of Medicine 1999) . Smoked marijuana also, however, has drawbacks: it is associated with substantial pulmonary risk (Ashton 2001; Mehra et al. 2006; Taylor et al. 2000; Taylor et al. 2002) , its illegal status in most countries leads to difficulties in distributing marijuana to patients (Hall and Degenhardt 2003) , and precise THC doses are difficult to deliver via smoked marijuana (Institute of Medicine 1999). Although vaporizing devices may avoid the respiratory risks of smoked marijuana delivery (Hazekamp et al. 2006) , legal difficulties and issues related to precise dosing remain.
Notably, the medical marijuana debate has occurred in the context of limited evidence about the relative efficacy of medical cannabinoids in people with HIV/AIDS (Haney et al. 2005; Hollister 2000) . Early clinical trials, prior to widespread antiretroviral use, indicated that although low doses of dronabinol (2.5 mg daily to 5 mg BID) increased self-reported appetite relative to placebo in patients with HIV or AIDS (Beal et al. 1995; Beal et al. 1997) , neither caloric intake (Struwe et al. 1993 ) nor weight (Beal et al. 1995; Struwe et al. 1993 ) increases reached significance. More recently, a clinical trial of the effects of dronabinol (2.5 mg TID) and smoked marijuana (3.95% THC cigarette TID) in HIV-positive participants found that both drugs increased body weight over the 21-day study (Abrams et al. 2003) .
A limitation of these studies is that they excluded regular marijuana smokers. There is a high incidence of marijuana use among HIV-positive people, with one quarter (Prentiss et al. 2004) to one third (Dansak 1997; Furler et al. 2004; Ware et al. 2003; Woolridge et al. 2005) of HIV/AIDS patients estimated to be current marijuana users, many reporting using the drug for medicinal purposes. The absence of this group in cannabinoid trials may have important implications. In HIVnegative regular marijuana smokers, dronabinol doses substantially above those recommended by the FDA are necessary for clinical effect due to cannabinoid tolerance (Haney et al. 1999a; Hart et al. 2002a; Hart et al. 2002b; Kirk and de Wit 1999) . For instance, whereas the initial recommended dose of dronabinol is 2.5 mg (BID) and the maximal recommended daily dose is 20 mg, daily doses of at least 80 mg are well tolerated in HIV-negative, regular marijuana smokers (Haney et al. 1999a; Hart et al. 2002b ). Thus, efficacy and tolerability data for medical cannabinoids obtained in non-marijuana-using HIV/AIDS patients may not generalize to the sizable proportion of people with HIV who already use marijuana.
To address this limitation, we compared effects of dronabinol and smoked marijuana in HIV-positive marijuana smokers (Haney et al. 2007; Haney et al. 2005) . As expected, acute doses of up to 20 mg dronabinol were well tolerated. Individuals with clinically significant muscle mass loss demonstrated comparable increases in caloric intake after marijuana (1.8%, 3.9% THC) and dronabinol (10 and 20 mg), with few negative effects (Haney et al. 2005 ). An inpatient study in HIV-positive participants showed that repeated dosing of dronabinol (5 and 10 mg QID) and marijuana (2.0%, 3.9% THC QID) dose-dependently increased caloric intake and weight over 4 days. Effects of oral and smoked THC dosing were, again, similar (Haney et al. 2007 ). Thus, both smoked marijuana and high dronabinol doses appear to be efficacious and well tolerated over short periods in HIV-positive marijuana smokers. What remains unclear is the efficacy and tolerability of longer-term cannabinoid administration in HIV-positive participants. Repeated dronabinol administration (20 and 30 mg QID) results in attenuation of peak ratings of "high" and "good drug effect" over 3-4 days in HIV-negative individuals, without any change in the enhancement of food intake (Haney et al. 1999a) , suggesting that tolerance selectively develops to dronabinol's intoxicating, but not appetite-increasing, effects. Such selective tolerance could have important, and perhaps desirable, implications for medical use.
Thus, the objective of this study was to assess the efficacy of high-dose dronabinol (10 mg QID; twice the maximal recommended daily dose), compared to placebo, over 16 days on food intake and weight in HIV-positive marijuana smokers on antiretroviral medication. Tolerability of repeated dosing was investigated by measuring subjective effects, sleep, social behavior, and cognition. To assess tolerance, we divided the 16-day stays into two phases, days 1-8 and 9-16, and compared effects of dronabinol with placebo in each phase separately. Based on our studies and an early clinical trial indicating ongoing appetite improvement for up to 12 months (Beal et al. 1997) , we hypothesized that dronabinol's effects on food intake and weight would persist, while tolerance would develop to dronabinol's mood effects.
Methods and materials
Participants HIV-positive individuals were recruited with advertisements. Participants were required to (1) smoke marijuana at least twice/week, (2) be between the ages of 21 and 50, (3) be in stable physical and psychiatric health, (4) use at least two antiretroviral medications under physician supervision, and (5) indicate that they were not seeking treatment for marijuana use. Candidates were excluded based on (1) substance dependence, except nicotine or marijuana (DSM-IV criteria; American Psychiatric Association 1994), (2) major Axis 1 psychiatric disorder (DSM-IV criteria), (3) use of steroids in the prior 6 weeks, (4) nutritional malabsorption or dementia, and (5) Experimental protocol Awithin-subjects, double-blind design was used. The study consisted of two training sessions (3-4 h/ session) and one outpatient predosing session followed by two 16-day inpatient stays in a residential laboratory. Inpatient stays were separated by a 5-to-15 day outpatient phase for study medication clearance. In training, participants practiced laboratory procedures and assessments. In predosing, participants sampled dronabinol (5 mg) under medical supervision. Dronabinol was administered in one inpatient stay and placebo in the other; dose order was counterbalanced. During dronabinol treatment, participants received dronabinol (20 mg; 5 mg QID) for 2 days followed by 14 days of dronabinol (40 mg; 10 mg QID). During placebo (PBO) treatment, they received PBO capsules (QID) for 16 days.
Dronabinol/PBO (0, 5, and 10 mg; Unimed Pharmaceuticals, Buffalo Grove, IL) was encapsulated by the NYSPI Pharmacy in size 00 capsules with lactose filler. The selected dose (10 mg QID) is eight times the recommended starting dose for appetite stimulation (2.5 mg BID) and double the maximal recommended dose. This dose was selected because smaller doses have little effect in marijuana smokers (Haney et al. 2005 ) who require substantially larger doses to show alterations in food intake (Haney et al. 2003; Haney et al. 2007 ).
Residential laboratory Participants completed inpatient phases in groups of three and four in the NYSPI Substance Use Research Center residential laboratory. The laboratory, designed to allow continuous behavioral observation, has four single participant rooms, a shared recreational area, two bathrooms, and two vestibules for supply exchanges (Haney et al. 1999a ). Participants were observed continuously, except in the bathroom or private dressing areas, through video and audio monitors. Staff communicated with participants via a networked computer system linking private computers with the adjacent control room. Participants were not able to use telephones, the internet, television, or receive visitors while inpatient. Table 1 presents the schedule. Participants woke at 8:30 A.M.. They completed the first subjective effect measures, were weighed, received a daily food box, and were allowed to eat breakfast (Haney et al. 1999a ). All participants received the same food box items, comprising a variety of meals, beverages, and snack foods. The food items, reflecting over 10 years experience conducting residential laboratory studies, were selected to provide a wide choice across individuals. Participants were provided with a list of the items available in the residential laboratory as part of the informed consent process. Participants received capsules at 9:00 A.M., 1:00 P.M., 5:00 P.M., and 9:00 P.M.. Between 9:15 A.M. and 5:00 P.M., they completed repeated subjective effects and cognitive batteries, with a lunch/recreation break between 1:15 P.M. and 2:00 P.M.. The evening recreation period, when participants could watch films, play video games, socialize, or be alone, went from 5:00 P.M. to11:30 P.M.. Participants completed subjective effect measures before bed. Food boxes were returned prior to lights out. To minimize nicotine withdrawal (Parrott et al. 1996) , participants smoked cigarettes ad libitum.
Daily schedule

Assessment measures
Food intake Food consumption during waking hours was unrestricted. The food box was supplemented with frozen meals or extra items as required. Participants reported items eaten by scanning custom-designed bar codes that recorded time, calories, and macronutrient content for individual items. Self-reports were confirmed by observation and daily examination of trash.
Body weight Participants were weighed each morning before breakfast.
Subjective hunger and satiety The Hunger-Satiety Questionnaire (HSQ) is a 6-item visual analog instrument that assesses self-rated hunger, fullness, nausea, thirst, and dry mouth. This scale has been used in prior studies of this type (Haney et al. 2007; Haney et al. 2005) . Outcome measures were maximal daily ratings.
Food cravings Desire for particular food types was assessed with the Food Desirability Questionnaire (FDQ; Evans et al. 1999 ), a self-report instrument listing 38 food types; participants use a 5-point scale, ranging from 0 ("not at all") to 4 ("extremely"), to rate the extent to which they would like each food type. FDQ items are grouped into six subscores: (1) savory carbohydrates/fats e.g., french fries; (2) sweet carbohydrates/fat e.g., cookies; (3) protein/fats e.g., cheese; (4) carbohydrates alone e.g., bread; (5) beverages; and (6) alcohol. We have previously used this measure to assess drug effects (Evans et al. 1999) . Outcome measures were daily ratings.
Subjective mood and drug effect Assessments of selfreported mood and drug effects consisted of visual analog scales (VAS; Folstein and Luria 1973) and a Drug Effects Questionnaire (DEQ; Johanson and Uhlenhuth 1980). The VAS included 44 mood ("mellow"), physical symptom ("chills"), and drug effect ("high") descriptors; participants rated the extent to which each descriptor applied to them at that time. Based on previous cluster analyses (Haney et al. 2007 ), we employed arithmetic means of item scores to produce six subscales: negative affect (example item, "miserable"), anxiety ("on edge"), somatic symptoms ("upset stomach"), sedation ("tired"), positive affect ("content"), and drug high ("high"). The DEQ consisted of five items assessing the extent to which participants: felt a good drug effect, felt a bad effect, liked the effect, felt a strong effect, and would take the drug again. We have employed these questionnaires in previous studies of cannabinoids (Haney et al. 2003; Hart et al. 2002a; Hart et al. 2002b) . Outcome measures for both the VAS and the DEQ were maximal daily ratings.
Sleep Objective sleep quality was measured using a Nightcap sleep monitor (Respironics, Atlanta, GA), consisting of a portable amplifier attached to two leads, one attached to the forehead to measure body movement (participants were instructed to remain in bed overnight) and the second attached to eyelids to measure eye movement. Outcome measures included sleep latency, number of awakenings, and sleep efficiency (proportion of total bed time in rapid eye movement (REM) and non-REM (NREM) sleep). Subjective sleep quality was measured with seven visual analog scales assessing perceived quality of sleep that were completed every morning after waking. These measures are sensitive to the effects of dronabinol (Haney et al. 2007 ).
Cognitive function A computerized task battery measured basic and higher-level neuropsychological functions including psychomotor function, simple and divided attention, information processing, and verbal and working memory. The battery included a 3-min digit-symbol substitution task, a 10-min divided attention task, a 10-min rapid information processing task, a 3-min rapid acquisition task, and a 2-min immediate and delayed digit recall task (Haney et al. 2007 ). We have employed this battery in previous drug studies (e.g., Haney et al. 2007; Hart et al. 2002b ). Outcome measures were maximal scores per day.
Social behavior Social behavior was recorded during evening recreation hours as previously described (Haney et al. 2008; Haney et al. 2004; Haney et al. 1999a ). Briefly, a computerized observation program prompted recording of each participant's behavior every 2.5 min. Behaviors were classified into private (time spent in bathroom/bedroom) and social (time spent in the recreational area). Time spent in the social area was further divided into time spent talking and time spent in silence. Outcomes were total minutes spent engaging in each behavior per day.
Data analyses Within-subjects analyses of variance followed by planned comparisons assessed effects of drug and study day on food intake, hunger, food cravings, selfrated mood and drug effect, sleep, cognitive function, and social behavior. We tested two planned complex comparisons for each analysis: (1) days 1-8 dronabinol versus days 1-8 PBO; and (2) days 9-16 dronabinol versus days 9-16 PBO (Sheskin 2000) . This a priori approach allowed investigation of the development of tolerance, while limiting the number of analyses. We chose phase lengths of 8 days because previous studies have suggested that tolerance to dronabinol's effects of caloric intake does not occur over shorter periods in healthy cannabis smokers (e.g., 3 days (Hart et al. 2002b ) and 6 days (Haney et al. 2004) ). We conservatively employed a significance threshold of p<0.01. Subjective and cognitive data comprised maximal ratings or scores each day. For body weight analyses, data were change scores (day 8 minus day 1 and day 16 minus day 9). Analyses were undertaken with SPSS 16.0 and Microsoft Excel 2007. 
Results
Participants (N=7) were male. They had been diagnosed HIV-positive 8.7 (±6.4) years prior to participation, and their most recent CD4 count was 510 (±291). Further demographic and drug-use information is provided in Table 2 .
Food intake Dronabinol increased caloric intake on days 1-8 relative to PBO, with an average daily consumption of 3,579.9 (±563) calories on dronabinol compared to 3,227.6 (±385) on PBO. Dronabinol did not affect daily caloric intake during days 9-16 ( Fig. 1 ; Table 3 ). Higher caloric consumption over days 1-8 during dronabinol administration was primarily due to an increased number of eating occasions (defined as beginning with food consumption onset, and ending at the first pause in food reporting>10 min; Fig. 1 ). There was no increase in the number of calories consumed per eating occasion during days 1-8 or 9-16. On days 1-8, participants consumed more calories in the morning on PBO, whereas they consumed more calories during the evenings when on dronabinol compared to PBO (Table 3) . There were significant, although small, differences in macronutrients consumed between conditions (Table 3) . Whereas dronabinol increased absolute consumption of fat and carbohydrates on days 1-8, there was no effect on protein consumption during this time. On dronabinol, the amount of protein consumed was lower than on PBO over days 9-16. Relative to PBO, protein consumption as a proportion of overall intake was therefore lower on dronabinol during both phases (days 1-8 and 9-16).
Body weight Over days 1-8, dronabinol increased weight by 1.0 kg (±1.1) from baseline, however, this effect was not significant; there was no drug effect on days 9-16 (Table 3) .
Subjective hunger and satiety Relative to PBO, dronabinol increased HSQ fullness ratings over days 1-8 and increased HSQ hunger ratings on days 9-16 only (Fig. 2) . Participants endorsed higher HSQ thirst and HSQ dry mouth levels across days 1-8 and days 9-16 on dronabinol (Table 3) . There was no drug effect on HSQ desire to eat or nausea ratings (nausea ratings were low across conditions).
Food cravings Dronabinol increased FDQ ratings of desire for savory and sweet foods on days 1-8 and 9-16. Dronabinol increased reports of wanting foods containing proteins and fats on days 1-8 only, and wanting carbohydrate-based food on days 9-16 only. Consistent with increased thirst and dry mouth (HSQ), dronabinol increased desire for non-alcoholic beverages on days 1-8 and 9-16 (Table 3 ). There was no drug effect on FDQ ratings of alcohol cravings.
Subjective mood and drug effect Dronabinol increased VAS positive affect (Fig. 3 ) and drug high (Table 4 ) ratings on days 1-8 and 9-16. There was a small but significant dronabinol-related increase in VAS sedation ratings on days 9-16 only (Fig. 3) . There was no effect of drug on VAS anxiety, somatic symptoms, or negative affect subscale ratings. DEQ good drug effect ratings were higher on dronabinol than PBO over both 8-day periods, as were DEQ drug liking scores and ratings of wanting to take the drug again (Table 4) . Dronabinol increased DEQ strong drug effect ratings over days 9-16 only and did not affect DEQ bad drug effect.
Sleep Nightcap data were not available for one participant (equipment failure). Dronabinol increased sleep efficiency Asterisks denote an increase from placebo (p<0.01) in the indicated 8-day phase. PBO placebo over days 1-8 only. The effect of dronabinol on days 1-8 was due to an increase in minutes spent in NREM sleep and a decrease in minutes spent awake. Consistent with these objective indices, participants (N=7) rated themselves as being more satisfied with their sleep during days 1-8 in the dronabinol relative to the PBO condition. Dronabinol increased ratings of having slept well and having awoken less on days 1-8 ( Fig. 4; Table 4 ).
Cognitive function There were minor effects of dronabinol on performance on three of four cognitive tasks (Table 4) . Consistent with slightly reduced processing speed, participants had a longer latency period when responding to distracter items in the divided attention task; however, this effect only reached significance on days 9-16. Dronabinol also increased false alarms for distracter items on this task across days 1-8. On the rapid acquisition task, participants entered fewer sequences on dronabinol than PBO on days 1-8 and 9-16, and made more errors on days 9-16. There was no drug effect on performance on the rapid information processing task, or delayed digit recall. Participants entered more numbers on dronabinol relative to PBO on immediate recall digit span; however, the absolute difference was minor.
Social behavior Dronabinol did not affect the social behavior indices assessed.
Over-the-counter (OTC) medication In addition to formally analyzed outcome measures, we recorded requests for OTC medication. Of 16 total medication requests, five occurred on dronabinol and 11 occurred on placebo. On placebo, four requests related to gastrointestinal complains, whereas on dronabinol, there was one request for gastrointestinal OTC medications.
Discussion
Consistent with findings in HIV-negative marijuana smokers (Haney et al. 1999a; Kirk and de Wit 1999) , these results indicate that repeated high doses of dronabinol are safe and well tolerated in HIV-positive marijuana users. Dronabinol produced sustained increases in self-reported food cravings as well as positive mood changes, without substantive negative side effects. Moreover, initial effects on caloric intake were consistent with previous findings that acute (Haney et al. 2005 ) and short-term (Haney et al. 2007 ) high doses of dronabinol increase caloric intake in HIV-positive marijuana smokers. Participants consumed some 350 more calories daily over the first 8 days of dronabinol dosing, consuming more fat and carbohydrates and showing a small, non-significant increase in body weight compared to PBO. During the initial 8 days, objective indicators of sleep quality also improved. However, contrary to hypotheses, during the second 8-day period (days 9-16), effects of dronabinol on food intake and sleep were no longer apparent. Indeed, during days 9-16, participants' absolute protein intake decreased on dronabinol. Body weight did not increase during the second week.
Also contrary to hypotheses, self-reported positive mood and psychoactive effects of dronabinol did not decrease, with sustained effects on ratings of positive affect, drug "high", good drug effects, and wanting to take the drug again. However, these effects were modest; for instance, maximal drug "high" ratings reached an average of around 40/100. The overall pattern of results-decreasing dronabinol effects on food intake and sleep in conjunction with stable moodenhancing effects-suggests that the dosing regime employed produces selective tolerance to the clinically targeted outcome (food intake) in HIV-positive marijuana smokers.
There is a possible alternative explanation for these findings. Dronabinol did not increase food consumption in the second inpatient week, despite participants reporting sustained elevations in food cravings. Thus, rather than developing tolerance, participants may have became disinterested with the available food. Although this explanation cannot be completely discounted, there are indications that this was not the case. There was no Fig. 2 Dronabinol effects on subjective hunger (top) and fullness (bottom) ratings as a function of time. Data are means (±SEM) of daily maximum scores. Dronabinol/PBO was administered four times per day. Asterisks denote an increase from placebo (p<0.01) in the indicated 8-day phase. HSQ Hunger and Satiety Questionnaire, PBO placebo Fig. 3 Dronabinol effects on self-reported positive affect (top) and sedation (bottom) ratings as a function of time. Data are means (±SEM) of daily maximum scores. Dronabinol/PBO was administered four times per day. Asterisks denote an increase from placebo (p<0.01) in the indicated 8-day phase. VAS visual analog scale, PBO placebo corresponding decrease in intake in week 2 of placebo dosing, which would be expected if participants became bored with laboratory food over time. There was a range of food available (79 items). Moreover, 27 of 38 items comprising the Food Desirability Questionnaire were available. Given that dronabinol's effects on sleep also attenuated after several days, it is likely that tolerance, rather than disinterest with available food, is the explanation for decreasing drug effects on food intake.
One possible confound in interpreting these data could be withdrawal from marijuana, which may have started in the early days of the placebo condition. However, there are a number of factors suggesting that withdrawal did not have substantial impacts on these results. First, we would anticipate that anorectic effects of marijuana withdrawal would peak around day 2, beginning to reverse by day 5 (Haney et al. 2005) , a pattern that did not occur (see Fig. 1 ). Second, marijuana withdrawal would be expected to produce increases in negative affect and anxiety (Haney et al. 1999b) , which was also not the case. The absence of a demonstrable withdrawal syndrome in this study is likely due to the fact that participants were lighter marijuana smokers than those in which we previously demonstrated withdrawal (Haney et al. 1999b) . Thus, differences between drug conditions observed in the first 8 days of treatment appear to be due to direct effects of dronabinol, rather than withdrawal amelioration.
Based on available evidence, it is unclear whether tolerance has occurred in other studies of cannabinoid effects in HIV/AIDS. In our previous laboratory studies with HIV-positive participants (Haney et al. 2007; Haney et al. 2005) , treatment length was not sufficient to assess tolerance. Clinical studies cannot easily include objective measures of food intake, thus previous clinical studies have measured self-reported appetite and weight gain. Although these studies reported sustained increases in appetite, they did not report weight gain (Beal et al. 1995; Beal et al. 1997; Struwe et al. 1993) . According to our present as well as previous findings (Haney et al. 2005) , self-reported appetite and food cravings may not equate with actual consumption. Indeed, given the sustained increase in positive mood in the present study, self-reports of improved appetite reported in clinical studies might represent the effect of a more positive mood state. Therefore, in clinical studies, tolerance may have developed, but remained undetected.
Tolerance to a range of cannabinoid effects has previously been suggested in HIV-negative participants. Light cannabis There are a number of future directions. Having established that high, repeated dronabinol doses are well tolerated in HIVpositive marijuana smokers, an important issue is whether different dosing regimes might improve the drug's long-term clinical utility. Future studies could assess variable or intermittent dosing schedules to reduce tolerance. A second important direction will be to investigate if smoked marijuana produces objectively observable, sustained increases in food consumption in regular users. Third, it remains to be seen whether tolerance to dronabinol's effects also develops in individuals who do not smoke marijuana. The medical marijuana debate, as noted above, has relied on limited empirical evidence. Given substantial inter-individual variability (Davidson and Schenk 1994; Kirk and de Wit 1999; Sachse-Seeboth et al. 2009 ) in cannabinoid effects, further studies examining the efficacy of different delivery methods and doses of medical cannabinoids in clinically relevant patient groups is critical to inform the debate over medical use of these drugs.
Some limitations should be noted. Participants recruited were not, at baseline, anorexic, which may have contributed to results. One outpatient study we conducted indicated that single dronabinol doses increase caloric intake over a 7-h period only in individuals with significant muscle loss (Haney et al. 2005) . However, in HIV-positive individuals participating in an inpatient study, repeated dronabinol administration increased food intake and weight over 4 days despite the fact that 80% of participants did not have anorexia or muscle wasting (Haney et al. 2007 ). Increases observed during initial dronabinol dosing in the present study were of comparable magnitude to those reported in the shorter-term inpatient study (Haney et al. 2007 ). Moreover, dronabinol increases food intake in HIV-negative individuals over 3-4 days (Haney et al. 1999a; Hart et al. 2002b) , suggesting that the lack of anorexia in this population should not have influenced results substantially.
A related issue is that, on placebo, participants did not report substantial nausea. Thus, it is unclear whether HIV-positive individuals experiencing gastrointestinal complications related to antiretroviral medications (Chubineh and McGowan 2008) Asterisks denote an increase from placebo (p<0.01) in the indicated 8-day phase, & denotes a decrease relative to placebo (p<0.01), PBO placebo. N=6 top left and top right panels due to equipment failure might benefit more from dronabinol. For instance, reduced nausea might increase quality of life and enhance treatment compliance (Chubineh and McGowan 2008; Johnson et al. 2005 ). The present findings tentatively suggest that dronabinol may serve to reduce gastrointestinal complaints, given that of five requests for OTC medication for gastrointestinal discomfort, four occurred during the placebo phase. Future research could formally assess these possibilities. A further limitation is that the sample size of seven was small, however, due to the within-subjects design, it was sufficient to allow the detection of a range of drug effects. A final limitation to this study is that all participants were male, limiting generalization.
Such limitations notwithstanding, the present results add substantially to existing knowledge about the utility of dronabinol in treatment of people with HIV. In HIV-positive marijuana smokers, repeated dronabinol doses double the recommended maximal dose safely and effectively increased caloric intake, improved sleep and had positive mood effects while producing few cognitive disruptions. After 8 days, however, dronabinol no longer affected either food intake or sleep, suggesting that maintenance on this dosing regime results in development of selective tolerance. These findings indicate that HIV-positive individuals who smoke marijuana may require higher dronabinol doses than are recommended by the FDA. Future research to establish optimal dosing regimens, and reduce the development of tolerance, is required.
